Water scarcity, induced by climate change, may result in declines in economic growth of about 6% in some regions. More importantly the impacts of water mismanagement are likely to fall disproportionately on the poor (World Bank 2016). Thus, the informal sector-also known as the sector of the poor-is likely to suffer productivity losses due to water scarcity. Water scarcity or poor water infrastructure may manifest itself in terms of water shortages experienced by informal firms. While a range of policies, from accelerating formalization to better education, have been considered to improve the productivity of informal firms (Aftab and Rahim 1988; Amin and Islam 2015; Djankov et al. 2002) , very little attention has been afforded to the effect poor infrastructure quality, specifically water infrastructure, may have on informal firms.
Introduction
Water scarcity, induced by climate change, may result in declines in economic growth of about 6% in some regions. More importantly the impacts of water mismanagement are likely to fall disproportionately on the poor (World Bank 2016). Thus, the informal sector-also known as the sector of the poor-is likely to suffer productivity losses due to water scarcity. Water scarcity or poor water infrastructure may manifest itself in terms of water shortages experienced by informal firms. While a range of policies, from accelerating formalization to better education, have been considered to improve the productivity of informal firms (Aftab and Rahim 1988; Amin and Islam 2015; Djankov et al. 2002) , very little attention has been afforded to the effect poor infrastructure quality, specifically water infrastructure, may have on informal firms.
Informality is normal in developing economies. Estimates of the size of the informal sector have varied widely from 20% of net domestic product in India (Chaudhuri, Schneider, and Chattopadhyay 2006) to 30% to 33% in Tanzania (Bagachwa and Naho 1995) and 40% to 60% in Brazil (Henley and Arabsheibani 2009) . Estimates from Schneider, Buehn, and Montenegro. (2010) indicate that the average size of the shadow economy as a percentage of official GDP is 25.1% in South Asia, 34.7% in Latin America and the Caribbean, and 38.4% in sub-Saharan Africa. This is in contrast to the countries of the OECD, where the figure is 13.5%. In terms of informal employment, Golub and Hayat (2014) estimate that in low-income sub-Saharan Africa economies, the informal sector accounts for 80% to 97% of employment. In Bangladesh, 75% of firms are unregistered (De Giorgi, Ploenzke, and Rahman 2017) . Furthermore, there are a number of reasons the informal sector will remain large. Informal firms rarely become formal (La Porta and Shleifer 2014) . Premature deindustrialization-where countries are running out of industrial opportunities-has resulted in a shift of labor toward the informal sector (Rodrik 2016) . Additionally, the formal sector may be unable to absorb rising labor force populations, leading to labor being absorbed into the informal sector. More importantly, the well-being of the poor is largely dependent on the informal sector.
The role of the informal sector has been widely contested. One side considers informal firms to be entrepreneurs being held back by undue government intervention (De Soto 1989 . Another side sees informal firms as parasites competing unfairly with formal firms following rules and regulations (Farrell 2004) . A third angle views informality through a dual economy perspective where formal and informal firms are seen to be fundamentally different: they serve different markets and hardly compete with each other (La Porta and Shleifer 2014) . There is a general consensus that the informal sector is less productive and more stagnant than the formal sector (La Porta and Shleifer 2014) .
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The role of water infrastructure has been explored in the literature through a number of dimensions-at the household level, the water utility level, and the formal firm level. Studies have explored the effect of water access and reliability on time allocation and health outcomes in households (Thomas 1992; Ilahi and Grimard 2000; Koolwal and Van de Walle 2013; Smiley 2016; Ashraf et al. 2017) , as well as the performance of urban water utilities (Jiang and Zheng 2014; Coulibaly and Rodriguez 2004) . For the formal business sector, studies have estimated the role of water as an input in manufacturing for developed economies where data are available (Reynaud 2003; Dupont and Renzetti 2001) . More in line with this study, a number of papers have explored the effect of poor water infrastructure quality on formal firms, with mixed findings (Iimi 2011; Moyo 2011; Escribano, Guasch, and Pena 2010; Bogetic and Olusi 2013; Davis, Kang, and Vincent 2001) . The literature on the effect of water infrastructure on firm performance is quite limited relative to other business environment factors such as power infrastructure, access to finance, and labor regulations (see, e.g., Stel, Story, Thurik 2007; Safavian and Sharma 2009; Kaplan 2009; Aterido, Hallward-Driemeier, and Pages 2011; Fisher-Vanden, Mansur, and Wang. 2015; Allcott, Collard-Wexler, and O'Connell 2016) . To our knowledge, there are no studies on water infrastructure in the informal firm sector.
Given the size of the informal sector, the link between water infrastructure quality and informal firm performance warrants empirical verification. This study adds to the literature on water infrastructure quality by exploring the effect of poor water infrastructure on the productivity of informal firms for 12 developing economies across sub-Saharan Africa, East Asia, and Latin America 1 (Appendix Table A1 ). There are a number of possible links between water infrastructure and informal firm performance. On the one hand, poor water infrastructure quality may be far more detrimental for informal than formal firms if the former have fewer resources to compensate for infrastructure and public good deficits such as water shortages. On the other hand, informal firms may develop alternative supply options that do not rely on water networks and, thus, may be relatively less affected by water infrastructure unreliability.
Water infrastructure in cities deals with a set of attributes that determine the quality of water service delivery. Water initially starts as a public good at the source. As it reaches the pipe, it turns into both a private and a merit good, as it is a necessity for life. In cities, these challenges are compounded by the fact that the cost of building multiple water systems is excessive and thus unlikely. Water must be supplied through a single network that, therefore, has a single owner-a monopolist (World Bank 2017). A natural monopolist accrues unavoidable advantages, regardless of being public or private in its engagement with regulators and customers. Furthermore, investments in infrastructure are lumpy; considerable costs are incurred to make improvements. However, infrastructure investments are not enough. Institutions that generate the right incentives will allow infrastructure to be effective (Ashraf, Glaeser, and Ponzetto 2016; Allcott, Collard-Wexler, and O'Connell 2016) . How well economies address these challenges will go a long way in determining the service delivery quality. In the sample for this study, a substantial proportion of the urban population has access to improved water sources: 8 out of the 12 economies had 90% or more urban population access to improved water in 2015. 2 Three of the four remaining economies have at least 80% or more urban population access to improved water. Only Angola is the standout with 74% access.
The source of the data for the study is surveys of informal firms collected by the World Bank's Enterprise Analysis unit. Informal firms are defined as firms that are not registered with the relevant authorities. While there are other measures of informality, such as size of activity, lack of financial statements, mobility, and access to bank credit (Benjamin and Islam: Water Shortages and Informal Firms Mbaye 2012), the broader literature tends to use registration as the criterion for informal firms, and this is a convenient definition for data collection (Loayza and Rigolini 2011; Rand and Torm 2012) . The study finds that the total duration of water shortages has a statistically significant negative effect on the labor productivity of informal firms. A one standard deviation increase in a days' worth duration of water shortages in a month experienced by a firm can lead to annual average losses of about 14.5% of the monthly sales per worker of the average informal firm in the sample that uses water for business activities.
To summarize, this study contributes to the literature in the following ways: (1) it is the first study to establish and quantify the effect of poor water infrastructure quality on the productivity of informal firms, and (2) the study uses a rich dataset that covers over 2,400 informal firms, of which about 710 use water for business activities, and the data are comparable across the 12 economies.
Data
The main data source for the analysis is the surveys of informal firms, defined as unregistered firms, conducted by the World Bank Enterprise surveys unit (henceforth called Informal Enterprise Surveys). 3 The data encompass about 2,400 informal firms from a cross-section of 12 economies across Africa, East Asia, and Latin America between 2009 and 2014. About 710 firms use water for business activities, and water shortage data are available only for these firms. The analyzed sample comprises these 710 firms unless otherwise indicated. Appendix Table A1 presents the list of countries, with the total duration of water shortages in days per a month. The highest figure is from Ghana, with an average of 6.75 days of water shortages in a month. The lowest is Burkina Faso, with 0.01 days. For the full sample, in a typical month the average sales per worker for a firm is about $1,173, with about two to three employees. About 55% of the firms in the sample manufacture their own product. Unfortunately, a large number 3 See https://www.enterprisesurveys.org/portal/login.aspx. of the surveys do not have detailed information on the activity of the informal firms. For eight countries in the sample, such detailed information is available and provided in Appendix Table A2 . 4 Firms are distributed into 19 types of activities. Selling food or groceries (street-food sellers, restaurants) is the largest activity for these eight economies, with 22% of the informal firms involved in this activity. Second largest is manufacturing of clothes or shoes, undertaken by about 13% of informal firms in the eight countries. Of course, the distribution of activities may differ for the full sample used for this analysis. The majority of the firms are in fixed premises-about 76%, as shown in the summary statistics in Table  1 . A nationally representative sample of informal firms would require a complete list of unregistered firms in an economy. By definition such a list is difficult to attain, given the firms are not documented. To our knowledge, such a list does not exist for any country at the national or even city level. Thus, although the data are not nationally representative, some steps are taken in the data collection process to limit selection bias.
Data collection for the informal surveys was carried out as follows. For the Informal Enterprise Surveys, an urban center was typically divided into zones to yield a predetermined number of interviews. For instance, in the Kenya survey, five urban centers were broken down into 122 zones. A number of zones were then randomly selected to be interviewed. Typically more than one enumerator was allocated to each zone. Each enumerator was presented with maps identifying a predefined starting point that tended to be at opposite ends of the zone, to ensure interviews were dispersed within a zone. The enumerators were instructed to follow the direction of the street and obtain a predetermined number of interviews. This process limits selection bias, given the zones were randomized across the city, but the process cannot ensure a representative sample of informal firms. The enumerators identified informal firms and confirmed their status using a short screener Land Economics questionnaire. Once the informal status was confirmed, the interviewer began the main questionnaire. Most studies tend to follow a similar approach by relying on a random sample of informal firms taken from one or two main urban centers of the economy that are not nationally representative (Grimm, Knorringa, and Lay 2012; Harris 2014; Middleton 2007; Rand and Torm 2012) . A considerable advantage of the informal enterprise surveys is that they employ the same methodology and the same survey instruments across countries. The resulting dataset, from informal firms across 12 economies on three continents and acquired using similar collection methodology, is a rarity and ideal for this study.
Empirical Specification
Informal firms may lack resources to offset inadequate infrastructure, and thus we expect water shortages to affect their output. Informal firms also tend to be labor intensive, and thus water shortages may have a direct effect on labor productivity. It should be noted that informal firms operate in a very different environment than formal firms. Informal firms typically do not maintain any records and may even operate on a day-to-day or seasonal basis. Therefore, most survey questions pertain to the last month of activities. Furthermore, the lack of records implies that several covariates that typically enter a productivity analysis estimation are impossible to measure directly, but they can be approximated using information about firm characteristics. We follow the literature and estimate the following equation using ordinary least squares (Amin and Islam 2015) : where lnprod is the log of sales per worker of firm i in region (within-country) r and country j over a typical month. Firm size is captured as the log of total number of employees (Size) over a typical month. The details of how sales We use a number of variables to proxy for human capital (h) and physical capital (k).
The estimation of the effect of water on productivity in equation [1] is susceptible to endogeneity concerns. On the one hand it could be argued that water shortages are exogenous, given that the duration of shortages may be difficult to predict. However, if water shortages are endogenous or predictable, firms may have adapted to such realities by using alternative sources of water or increasing storage (Bais et al. 2010) . 5 Firms may also locate in areas with alternate sources of water, thereby being buffered from water shortages. In these cases, we would not uncover any effect of water shortages on firm productivitywe would obtain conservative estimates of the impact of water on firm productivity, as they would be biased downward. Another concern is that it is likely that more productive firms choose to locate in areas with better water infrastructure. It is difficult to completely do away with this issue, but we limit it as best as we can within the confines of the data by controlling for other firm-level factors (X) to account for the sorting of firms across locations based on their observable characteristics (details in the next section). We also account for location-specific time-invariant factors by using region fixed effects (Region). Finally, we conduct a battery of checks to confirm the robustness of our findings.
Main Explanatory Variable
The main explanatory variable is the total duration of water shortages in the last month experienced by an informal firm, expressed in days (Water). The mean value for the total duration of water shortages over the last month for an informal firm is 1.33 days. This variable is calculated by combining two pieces of information obtained from the surveys. The first is the number of incidents of water shortages per day over the last month. Each firm is asked, in the last month, how many incidents of insufficient water supply the firm experienced. The second measure is the average duration of water shortages for each incident. Thus, the total duration of water shortages is calculated by multiplying the number of water shortage incidents over the last month by the average duration of each incident. As part of the robustness check, the effect of each component of the total duration of water shortages variable on labor productivity is explored. Summary statistics are presented in Table 1 .
To explore what types of firms experience poor water service delivery, the total duration of water shortages is regressed on a number of variables. The results are presented in Appendix Table A4 . There are two variables that are significantly correlated with the total duration of water shortages. The first is that firms located in fixed premises or households face fewer water shortages than mobile firms. The coefficient is statistically significant at the 5% level. The other variable is whether an informal firm manufactures its own product. The coefficient is positive, indicating that manufacturing firms face more water shortages; however, the finding is barely statistically significant at the 10% level. Other factors such as firm size, use of electricity, and access to finance that could be correlated with a firm's vulnerability or ability to buffer water shortages are found to have statistically insignificant coefficients.
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Other Explanatory Variables
We capture the main determinants of productivity consistent with the literature: human capital (h) and physical capital (k) (Kneller and Misch 2014) . Additionally, we proxy for firm size using the log of total number of employees (Size) over the last month. Firm size has been found in the literature to be an important determinant of labor productivity for informal firms (Benjamin and Mbaye 2012; Amin and Islam 2015) . Finally firms may sort into locations based on observable characteristics. We account for these firm-level factors (X), which broadly fall into two categories: access to finance, and the business environment in terms of government interactions and security from crime. We also include a dummy variable indicating whether a firm is a manufacturing firm. We account for location-specific time-invariant omitted variables with location fixed effects.
Human capital is captured through several owner and manager characteristics, where "manager" is defined as the main decision maker. These characteristics include whether the largest owner has secondary education or higher, manager years of experience, whether the largest owner has a formal job or looked for one in the last two years, and whether the largest owner started another business in the last three years. In about 59% of informal firms in the sample, the largest owner has a secondary education or higher. On average, managers of informal firms have 9.5 years of experience. About 14% of the informal firms in our sample have a largest owner who had a job in the formal sector over the last two years, with 61% indicating they started another business in the last three years.
We account for physical capital using dummy variables to capture a firm's use of various assets. We control for whether a firm uses machinery in its current operations, and similarly whether a firm uses vehicles for its current operations. About 43% of the firms use machinery for current operations, with only 19% using vehicles for current operations. The use of physical capital is likely to be correlated with the use of electricity for business activities. Thus, we control for whether a firm uses electricity for business activities, which is the case for 71% of informal firms in the sample.
We control for the ability of firms to access finance by using binary variables to capture whether the firm has a bank account or a loan. About a quarter of the informal firms in the sample have a bank account. Only 13% of the firms have a loan. It is important to note that these measures may be correlated with the use of physical capital. Use of a bank account for business activities may imply the firm has access to finance that could be used to obtain physical capital. The existence of an outstanding loan may imply that the firm has some physical capital to use as collateral in obtaining a loan. In order to capture the financial stability of the firm, despite being unregistered, we include a variable that indicates whether the firm produces or sells under contract from another business or person. This is the case for only 21% of the firms.
Finally, we also include a number of covariates to account for the business environment the firm operates in. These include whether firms experienced crime in the last month, as well as whether they pay for security. About 8% of the firms experienced crime over the last month, although 24% of the firms pay for security. Furthermore, we also capture whether the firm makes payments to remain unregistered. This is the case for 9% of the firms. Summary statistics are provided in Table 1.
Results
The main results for water infrastructure and labor productivity are presented in Table 2 . In all estimations, Hubert-White robust standard errors are used clustered by region (within country) and sector. In the first column we present a parsimonious regression with just the total duration of water shortages and location fixed effects. The coefficient for the total duration of water shortages is negative and statistically significant at the 5% level. Thus, an increase in the total duration of water shortages leads to lower labor productivity of informal firms. In column 2 of Table 1 , we include firm size, a manufacturing sector dummy variable, and our measures of human and physical capital. The negative coefficient for the total duration of water shortages is retained, while the statistical significance rises to the 1% level. Measures of human capital such as manager experience and whether the largest owner has a secondary education have the expected positive coefficients, statistically significant at the 5% and 1% levels, respectively. Of the measures of physical capital, all coefficients are positive, as expected: however, only the coefficient of the use of vehicles for operations is statistically significant (at the 1% level). Firm size has a negative relationship with labor productivity, which is consistent with the literature (Amin and Islam 2015) . Manufacturing informal firms appear to be more productive than informal firms in other sectors.
In column 3 of Table 2 , we now add the control variables capturing a firm's ability to access finance. The coefficient for the total duration of water shortages remains negative, Table 2 , we add the final set of variables capturing the business environment. Column 4 follows the main specification indicated in equation [1] and is henceforth our base specification. The total duration of water shortage in a month has a negative effect on the labor productivity of informal firms. The coefficient, as in column 3, is statistically significant at the 1% level with hardly any change in the magnitude from the previous specifications. The coefficients of the variables for firm size, human capital, and physical capital that are statistically significant in columns 1 through 3 of Table 2 retain their significance in column 4. None of the business environment variables added are statistically significant.
In terms of magnitude of the effects, using the base specification presented in column 4 of Table 2 , an increase in a day's worth of water shortages (24 hours) in a month leads to a 3.7% loss in monthly sales per worker. Thus, if an informal firm were to face a week of continuous water shortages, it would incur losses on the order of 26% of their sales per worker that month. A one standard deviation increase in the total duration of water shortages in days leads to losses on the order of 14.5% of monthly sales per worker.
The Components of the Total Duration of Water Shortages
The total duration of water shortages in days is calculated by combining the number of incidents of water shortages in a month, with the average duration for each shortage. In Table 3 , we take the same specification in column 4 of Table 2 but substitute the total duration of water shortages in days with each of its components. In column 1 of Table 3 we include only the average duration of a water shortage in hours. In column 2 we include only the number of incidents of water shortages. Finally, in column 3 we include both. The results indicate that the number of incidents of water shortages do not matter for firm productivity. Instead the duration of the shortages is what is detrimental for the productivity of informal firms. The coefficient of the average duration of an incident of water shortage is negative and significant at the 5% level. The coefficient for the number of incidents of water shortages over a month is statistically insignificant. This finding is intuitive, as short incidents of water shortages can be easily overcome whereas water shortages of longer duration may be harder to adapt to.
Robustness Check: Power Outages and Sector of Activity
The estimates of the effects of poor water infrastructure on the productivity of informal firms could be capturing the degree of power infrastructure in the economy in general. In the main specification we control for whether a firm uses electricity. We do have information on power outages, but we do not include it in the main specification, as questions pertaining to power outages were asked only of informal firms that used electricity for business activities. Thus, any specification including power outages would reduce the sample to only informal firms that use both water and electricity for business activities. However, as a robustness check we include indicators of power outages to our base specification and present the results in Table 4 .
In column 1 of Table 4 , we include both the incidents and the average duration of power outages. In column 2 of Table 4 we include the total duration of power outages in days, which is constructed the same way as our total duration of water shortages indicator. In both columns we also include whether the informal firm makes use of a generator. The sample size drops to 476 informal firms. In both cases, the coefficient of the total duration of water shortages in days over the last month has a negative effect on firm productivity, statistically significant at the 5% level. The coefficients of the power outages variables are statistically insignificant in both columns 1 and 2 of Table 4 . Thus, we can at least state that our findings are robust to the effect of poor power infrastructure. A stronger interpretation may be that informal firms are more likely to have adapted to power outages than water shortages, and thus the latter have a negative impact on their productivity while the former do not.
Findings may differ by the sector of activity of the firm. As indicated in Appendix Table A2 , manufacturing activities primarily include small-scale manufacturing of clothes, shoes, baked foods, and furniture. Service sector activities mainly include grocery retailers, hair dresser and barber shops, and business/computer/phone services sales. In columns 3 and 4 of Table 4 , we split the sample by manufacturing and service firms, respectively, and estimate the base specification presented in column 4 of Table 2 The coefficient of the total duration of water shortages is negative and statistically significant for informal manufacturing firms, but statistically insignificant for informal services firms. Thus, the results may be driven by the effect of water shortages on informal firms that use water for processing.
Robustness Check: Heckman Selection Model
The Informal Enterprise Surveys asks water infrastructure questions only to firms that use water for business activities. Only about 710 firms fall into this category in the sample. Note: Hubert-White robust standard errors (SE) clustered at the region-sector level, in parentheses. * p < 0.1; ** p < 0.05; *** p < 0.01.
Land Economics
Thus, we also attempt to model the selection of firms that use water for business activities using a Heckman selection model. The identifying variable for the selection equation is whether a firm is located in a household or a fixed premise with a permanent structure. Note: Hubert-White robust standard errors (SE) clustered at the region-sector level, in parentheses. * p < 0.1; ** p < 0.05; *** p < 0.01.
The argument is that stationary informal firms within a permanent structure are more likely to be connected to the water system. The data confirm this, with about 27% of firms located in fixed premises using water for business activities, and only 19% of firms not located in fixed premises using water for business activities. Thus, firms located in fixed premises are more likely to use water for business activities and therefore face issues related to water shortages. Mobile informal firms cannot be connected to a piped water supply and so are unlikely to use water for business activities. When they do use water, they may need to obtain it from alternative sources such as water vendors. Thus, their business activities are unlikely to be immediately affected by piped water shortages. Therefore, in combination with equation where Prob(wtr) irj is the probability that the firm uses water for business activities, and PermFix is a dummy variable that takes the value 1 if a firm is located in a household or in a fixed premise with a permanent structure. However, there is a possibility that the exclusion restriction may be violated if informal firms that are within fixed premises are more productive than informal firms in temporary or mobile structures. A priori it is not possible to tell whether this is the case. However, there is no statistically significant difference between labor productivity for informal firms in the sample that are located within fixed premises and those in mobile premises. Furthermore a regression of labor productivity on fixed premises with all the covariates in equation [1] shows that the coefficient for fixed premises is statistically insignificant. This is true for both the whole sample and the sample with water variables. 6 While not definitive, this provides some indication that the exclusion restriction may not be violated.
In Table 5 we present the findings of the Heckman selection model. The main specifi- 6 Regression results not presented but available from the authors.
cation in column 1 of Table 5 mimics column  4 of Table 2 . As shown in column 2 of Table 5 , the location of firms in a household or a fixed premise with a permanent structure is positively and statistically significantly related to the likelihood that a firm uses water for business activities. The findings indicate that the total duration of water shortages have a negative effect on firm productivity, statistically significant at the 1% level. The magnitude is slightly higher for the Heckman selection model than the base specifications in column 4 of Table 2 . The Wald test rejects the null hypothesis that the two equations are independent, thus justifying the use of the Heckman selection model. It is worth noting that the marginal effect of water shortages for firms that do not use water as an input may not be useful for policy makers concerned with water infrastructure. Thus, for all robustness checks we use the base specification in column 4 of Table 2 .
Robustness Check: Extreme Observations and Country Dominance
One possible concern is that the findings are being driven by extreme observations. Another is that the results are dominated by a particular country, and exclusion of that country would result in insignificant coefficients for the total duration of water shortages. We run robustness checks on both these possibilities. In Appendix Table A3 we report the coefficient of total duration of water shortages for our main specification (Table 2 column 4) when we exclude the extreme observations for labor productivity and total duration of water shortages. We exclude the top 1%, bottom 1%, and both top and bottom 1% observations of both variables. As shown in Appendix Table A3, the sign and significance of the coefficient of total duration of water shortages are unaffected, indicating the findings are robust to extreme values of both the dependent variable and the main variable of interest.
In Appendix Figure A1 we graph the coefficient and the 95% confidence interval of the total duration of water shortages as we drop one country at a time from the sample. Appendix Figure A1 shows that the results are not dominated by any particular country in the Land Economics sample, as we retain the sign and significance at 5% of the coefficient of total duration of water shortages.
Robustness Check: Location and Size Averages
To limit concerns regarding endogeneity, we follow the literature by transforming our water shortage variable into averages of location, size, and sector minus the firm's own response, to alleviate simultaneity bias between business environment and productivity (Aterido, Hallward-Driemeier, and Pages 2011; Commander and Svejnar 2011) . The drawback to this method is that it reduces heterogeneity in the business environment variable, and sufficient observations are needed to obtain meaningful averages. We transform the water shortage variables as follows. We create a size variable that has six size categories: 1, 2, 3, 4, 5, and 6 or more employees. This ensures that each category has at least 5% of the sample, given that the average number of employees per firm is 2.7. We then create total water shortage duration cell averages using this size variable in addition to location (urban center), and whether the firm is within a fixed premise. The average excludes the response of the individual firm. This is presented in column 1 in Table 6 . In column 2 we also include detailed business activity as part of the cell average. The coefficients for the cell average of water shortage duration are negative and sta- Note: Hubert-White robust standard errors (SE) clustered at the region-sector level, in parentheses. Note that rho is the correlation coefficient of the error terms from the selection and the regression equation. Sigma is the estimator of the standard error of the residual in the regression equation. Lambda is the inverse Mills ratio (rho × sigma). Significance of lambda depends on rho, as indicated by the Wald test.
* p < 0.1; ** p < 0.05; *** p < 0.01. tistically significant at the 10% level. The low statistical significance is likely due to the low number of observations in the informal first dataset. Regardless, this adds an additional layer of robustness to the findings.
Robustness Check: Nonlinear Effects and Water Shortage Firm Sample
The relationship between water shortages and labor productivity may be nonlinear. To explore further the nonlinear effects, we divide the total duration of water shortages into bins. The results are presented in columns 1 and 2 of Table 7 . In column 1 we have three bins: no water shortages, between 1 and 4 days of water shortages, and 5 or more days of water shortages. This ensures that there are at least 67 observations for each bin. In column 2 we have 4 bins: no water shortages, between 1 and 4 days of water shortages, between 5 and 10 days of water shortages, and 11 or more days of water shortages. In this specification, we ensure each bin has at least 30 observations. The results in both columns 1 and 2 are relative to the bin with no water shortages. As shown in Table 7 , the effects of water shortages are driven mostly by the bin with the highest number of days of water shortages. In column 1, the coefficient of the bin of 5 or more days of water shortages is negative and statistically significant at the 5% level. The other bin (between 1 and 4 days) has a negative coefficient but is statistically insignificant. In column 2, the coefficient bin with 11 or more days of water shortages is negative and statistically significant at the 1% level. The other bins have negative coefficients that are statistically insignificant. Our main findings may include two distinct types of firms: those that have experienced a water shortage and those that have not. This assumes a degree of linearity in the results. To explore this further, we trim down the sample to only firms that experienced water shortages. As shown in column 3 of Table 7 , the main findings are unchanged: the coefficient of the total duration of water shortages in days over 
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the last month has a negative effect on labor productivity, statistically significant at the 1% level. However, the magnitude is much larger when compared to our base results in column 4 of Table 2 (-0.051 vs. -0.037).
Additional Results: Enumerator Bias, Household Accounts, and Family Labor
Several additional checks were performed and are reported in the Appendix. To account for enumerator bias, 9 of the 12 economies that have information on enumerators and survey fixed effects are added to the main specification. Monthly fixed effects are also used to account for seasonality. The main results are unaffected with the inclusions of these variables. The results also stand when sales for the last month are used to measure labor productivity, regardless of whether they are abnormal, instead of sales in a usual month. Controlling for interview length has no effect on Note: Hubert-White robust standard errors (SE) clustered at the region-sector level, in parentheses. * p < 0.1; ** p < 0.05; *** p < 0.01.
the main results. On average, almost 30% of informal firms use family labor. Controlling for family labor has no effect on the main results. Whether an owner maintains separate accounts for the household and for the firm does not affect the findings, although the negative effect of water shortage durations on labor productivity is much greater for firms that keep the accounts separate.
Conclusions
Infrastructure challenges are considered to be a main concern for the formal sector, but little attention is afforded to what role they may play in the informal sector. This study establishes a hitherto unexplored relationship: the effect of water shortages in terms of the total duration of water insufficiency incidents on firm productivity. The study finds a negative and significant effect of the total duration of water shortages on labor productivity. A one standard deviation increase in the total duration of water shortages in days leads to losses on the order of 14.5% of monthly sales per worker. The results survive a battery of robustness checks including poor power infrastructure, selection bias, and both extreme observations and country dominance. The conclusion that poor water infrastructure quality hurts the more vulnerable elements in society is not surprising but has yet to be established in the literature. With looming water challenges, one can expect that issues of water infrastructure quality may worsen. This study serves to draw attention to the risks water challenges pose to the informal sector. The informal sector is large, and any losses suffered in the sector may have important implications for the well-being of a large section of the poor that could turn back the clock on several advancements achieved by the development community, particularly in the areas of poverty and health. We hope this study encourages more research efforts in this area.
